Introduction {#s1}
============

Biological rhythms refer to cyclical variations in physiological and behavioural functions and include the daily sleep--wake cycle, hormonal metabolism, eating patterns and social activity, also known as circadian rhythm, and the ultradian and seasonal rhythm. Lifestyle-mediated disturbances of biological rhythms predispose individuals to several mental illnesses, including unipolar and bipolar disorders (BD). BD is a common, disabling mental illness with significant morbidity and mortality and an increased prevalence of suicide among the affected patients. The diagnostic criteria for BD are based on the patient exhibiting severe oscillations between high and low moods, which are referred to as (hypo)manic and depressive episodes, respectively.[@R1] BD can be categorised into BD type I, BD type II and subthreshold BD subtypes based on the duration and intensity of the episodes of high and low moods. According to the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV), while cases of type I and type II BD share the same biological underpinnings, they are distinguished by the manifestation of an episode of mania or hypomania.[@R1] The total lifetime (and 12-month) prevalence estimates across BD type I, BD typeII, and subthreshold BD subtypes have been reported to be 2.4% (1.5%).[@R3] In a study including 67 373 individuals with BD from 44 countries conducted between 1980 and 2012, the lifetime prevalence for bipolar spectrum disorders was found to be 1.02%.[@R4] The aetiology of BD is complex, and may involve an inherited predisposition, and/or social and psychological factors.[@R2] Multiple studies suggest that the disruption of biological rhythms may also link to the onset, development, outcome and relapse of BD.[@R5] Evidence indicates that BD could arise partially from a malfunction of the biological rhythm system, linking this disease with an abnormal 'clock' inside the body.[@R5] The reciprocal relationship between the biological rhythm disturbance and BD is presented in [figure 1](#F1){ref-type="fig"}.

![The reciprocal relationship between biological rhythm disturbance and bipolar disorders.](gpsych-2019-100127f02){#F1}

The aim of this review is to identify research articles on the association between BD and biological rhythm disturbance indexed in the PubMed database from 1968 to 2019. The shortcomings of previous studies of BD are also discussed.

We adopted a broad scope for retrieving literature relevant to BD and biological rhythms. Our final collection included both human and animal research studies, reviews, meta-analyses and case reports. The PubMed database (<https://www.ncbi.nlm.nih.gov/pubmed>) was used for retrieving relevant articles published until March 2019. The keywords used were as follows: 'bipolar disorders', 'sleep', 'feeding and eating disorders', 'melatonin', 'chronotherapy', 'cortisol', 'interpersonal and social rhythm therapy' and 'agomelatine'. In addition, the references of each article were manually checked for additional recent and relevant articles.

The literature search retrieved more than 1000 articles. After the exclusion of non-full articles, abstracts were assessed for relevance. We thereby collected 95 studies that exploded the relationship between BD and biological rhythms for further analysis. The following paragraphs describe the clear role of biological rhythm dysfunction in the development and management of BD.

Influence of biological rhythm disturbance on BD {#s1-1}
------------------------------------------------

Circadian misalignment might contribute to the pathophysiological mechanisms underlying the onset of BD as deduced by exploring the relationships among the disturbance of biological rhythms, cortisol levels and aberrant gene expression from saliva and buccal cell samples at four different time points for 2 consecutive days.[@R6] The literature also suggested that the disruption of social factors (eg, interpersonal relationships, tasks, hobbies, habitation, life events and daily routines) might destabilise the circadian rhythms and aggravate mood episodes in patients with BD.[@R6] One study reported that irregularity in social rhythms enhanced the vulnerability of at-risk adolescents to the onset of BD and that it may be possible to identify these at-risk adolescents before the first onset of BD based on their hypersensitivity to reward and irregularities in their social rhythms.[@R6] A report of survival analyses indicated that the extent of irregularity in social rhythms significantly predicted the time to the first onset of hypomanic, manic and major depressive episodes.[@R7]

According to research, circadian rhythm sleep disorders feature complex multifactorial associations with affective disorders. Phenomenological investigations have observed variability in the duration and fragmentation of sleep as well as a high prevalence of shorter sleep times among high-risk individuals.[@R8] Furthermore, sleep disturbance may be a prognostic indicator of the development of BD among high-risk youths (6--18 years old),[@R9] and a phase delay in the rhythms of the melatonergic system has been associated with the onset of BD. Talih *et al* reported that dysfunctional melatonin and/or circadian biomarkers (eg, brain-derived neurotrophic factor) may also be involved in the pathophysiology of BD on account of their pivotal roles in delayed sleep phase syndrome.[@R10]

Biological rhythm disturbance persists across all stages of BD, and over 80% of patients with BD reportedly exhibit dysfunction of biological rhythms.[@R11] A systematic review found that individuals at high risk for BD often experience irregular circadian rhythms.[@R12] Biological rhythm disruptions and sleep-associated difficulties have also been reported in patients with other mood and affective disorders like depressive disorder.[@R13]

A study examined the association between the disruptions in biological rhythms and the severity of depression by administering the Biological Rhythms Assessment in Neuropsychiatry to patients with depression. They observed increased biological rhythm disturbance, sleep disruption and disordered eating in patients with depression relative to healthy controls. Individuals with acute depression often displayed increased biological rhythm disturbance as compared with patients with depression in remission, and the least disturbance was reported in healthy controls. This observation suggests that disturbances in cyclical processes persist even during remission in patients with BD.[@R14] The Systematic Treatment Enhancement Program for Bipolar Disorder study found that increased sleep variability was associated with more severe manic and depressive symptoms over a follow-up of 12 months and that daily activity and eating patterns normalise along with the remission of depression.[@R14] Surprisingly, the disturbance of cyclical processes, such as loss of sleep, among individuals with a history of attempted suicide was predictive of higher level of suicidal ideation which is a risk factor of complete suicide.[@R15]

Disturbances in biological rhythms, such as loss of sleep, use of medication and severity of depression, diminish the quality of life among patients with BD. Furthermore, research on the neural correlates of wake-sleep regulation and cognition indicates that cognitive decay is directly related to negative symptomology in patients with BD.[@R16] This finding was supported by an additional study, which reported that disturbances in social rhythms may negatively affect the severity of depressive symptoms and may cause functional decay.[@R14] With regard to the prognosis of patients with BD, those with greater variability in their circadian cycle and daily and social activities exhibited worse psychosocial functioning.[@R14] Thus, the influence of biological rhythm disturbance on the quality of life and prognosis of patients with BD warrants its consideration as a significant clinical feature. Treatment strategies aimed at normalising the biological rhythms were noted to improve the quality of life of patients with BD.

Abnormalities in symptoms and clinical features associated with biological rhythm disruption {#s1-2}
--------------------------------------------------------------------------------------------

### Circadian and seasonal variations in BD {#s1-2-1}

Patients with BD are vulnerable to disruptions in the sleep--wake cycle. They tend to engage in nocturnal activity and have irregular life schedules. It is well known that these disruptions in the sleep--wake cycle may aggravate the clinical symptoms of BD as it progresses.[@R17]

The Composite Scale of Morningness (CSM) is a common measure for evaluating circadian preference.[@R17] A 2016 study revealed that compared with healthy controls, patients with BD had significantly lower CSM scores and showed a greater preference for evening activity and more irregular sleep-rise times.[@R17] These features were similar across different age groups and between patients with BD I and BD II.[@R18] In terms of the variability of sleep and wake times, patients with BD exhibited greater variability during weekdays/weekends compared with healthy controls.[@R17] Evening preference was also associated with traits such as anxiety and poor social adjustment, which presented more often in patients with BD II than in those with BD I.[@R17] A cohort study of twins with BD and co-twins without affective disorders found that the former had seasonally variable sleep length and higher global seasonality scores---a measure of the fluctuation in symptoms due to the season or time of the year---compared with the latter.[@R19] One general population-based study has shown that evening preference was associated with depressive symptoms and higher proportions of body fat.[@R20] These results indicate that patients with BD were prone to biological rhythm disruptions that resulted in negative symptomology.

Three studies have reported that seasonality was correlated with evening preference and abnormal circadian rhythms.[@R17] Lee *et al* [@R22] reported that participants with suspended sleep phase syndrome demonstrated a greater likelihood of exhibiting variable symptom severity with seasonal variations.[@R22] This might be explained by the phase shift hypothesis of seasonal affective disorder: depression in winter might be caused by an abnormally short exposure to natural light.[@R23] Natale *et al* [@R21] suggested that individuals with evening preference and who had a persistently delayed circadian phase were more susceptible to seasonal affective disorder.[@R21] In addition, personal and psychosocial factors may contribute to the regularity of the sleep--wake cycle and seasonality. The sleep--wake cycle may benefit from regular lifestyle and habits, whereas evening preference and aberrant bed-rise time might aggravate seasonality by reducing the amount of light exposure.[@R17] Providing further evidence for the seasonality of BD, a study on 39 pairs of twins with BD found that 31% of them were hospitalised during autumn; however, no significant differences were found in the distribution of depressive and manic episodes according to admission. Hospitalisations due to depressive episodes were most frequent in autumn, while those due to manic episodes were common in autumn, spring and summer (86% of all episodes; 29 patients).[@R19] Hence, both circadian and seasonal rhythm-related disturbances influence BD and may contribute to the biopsychosocial basis of BD development.

### Sleep and BD {#s1-2-2}

Clinical and polysomnographic (PSG) studies of sleep in patients with BD have demonstrated that sleep disorder was a prominent clinical feature during acute depressive and manic episodes as well as through phases of remission.[@R24] PSG studies have demonstrated that normal sleep stages could be characterised by rapid eye movement (REM) and non-REM (NREM) sleep, which alternates in a cyclic pattern. This normal sleep cycle could be disrupted in both depressive and manic episodes of BD.

Actigraphy studies provided insight into the changes in the bedtime, sleep duration, sleep latency and waking after sleep onset in patients with BD ([table 1](#T1){ref-type="table"}). Nine clinical studies consistently concluded that patients with BD experienced poorer sleep efficiency than their healthy counterparts.[@R25] Manic episodes were characterised by reduced sleep time. Patients undergoing manic episodes exhibited inferior sleep efficiency, longer sleep-onset latency and reduced sleep time relative to normal controls but not to patients with depression, whose sleeping patterns were generally worse than those undergoing manic episodes.[@R33] Although PSG findings were conflicting,[@R34] individuals with BD have consistently been observed to exhibit greater abnormalities during manic episodes relative to their premorbid states, including a significantly decreased total sleep time, shortened REM latency and increased REM density.[@R34] Abnormal sleep time may be a risk factor for the recurrence of manic or depressive episodes. A study of predictors of manic/hypomanic relapse in 159 adults found excessive sleepiness to be a predictor of mania, while hypersomnia demonstrated no such predictive value.[@R35] Hence, these outcomes have significant implications for BD treatment counselling.

###### 

The changes in sleep between bipolar disorder patients and healthy controls

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                      Storage rate used   Mean actigraphy scores                                                                                                
  -------------------------- ------------------- ------------------------ ---------------- ---------- ---------- ---------- ---------- ---------- ---------- --------- ---------
  Geoffroy *et al* [@R25]    1 min epoch         511.81\                  482.31\          475.42\    455.83\    25.23\     11.59\     57.88\     52.62\     81.54\    84.90\
                                                 (50.28)\                 (49.36) (n=29)   (64.5)\    (53.98)\   (33.65)\   (7.98)\    (23.17)\   (27.33)\   (9.87)\   (6.32)\
                                                 (n=26)                                    (n=26)     (n=29)     (n=26)     (n=29)     (n=26)     (n=29)     (n=26)    (n=29)

  Gershon *et al* [@R26]     1 min epoch         503.9\                   468.0\           379.5\     360.8\     12.0\      7.3\       96.9\      85.6\      76.1\     77.2\
                                                 (70.6)\                  (50.7)\          (62.1)\    (57.5)\    (11.6)\    (3.5)\     (53.5)\    (27.9)\    (9.4)\    (6.4)\
                                                 (n=32)                   (n=36)           (n=32)     (n=36)     (n=32)     (n=36)     (n=32)     (n=36)     (n=32)    (n=36)

  Harvey *et al* [@R27]      1 min epoch         --                       --               504\       420\       18.5\      13.9\      37.5\      29.6\      --        --
                                                                                           (78)\      (54)\      (17.8)\    (8.3)\     (30.2)\    (24.5)\              
                                                                                           (n=20)     (n=20)     (n=20)     (n=20)     (n=20)     (n=20)               

  Jones *et al* [@R28]       15 s epoch          --                       --               450.76\    446.78\    29.23\     17.08\     57.86\     51.25\     84.22\    86.42\
                                                                                           (71.77)\   (30.08)\   (24.89)\   (14.11)\   (22.58)\   (20.39)\   (6.70)\   (4.20)\
                                                                                           (n=19)     (n=19)     (n=19)     (n=19)     (n=19)     (n=19)     (n=19)    (n=19)

  Kaplan *et al* [@R29]      30 s epoch          --                       --               411.9\     370.3\     12.6\      10.8\      23.0\      34.6\      92.4\     89.4\
                                                                                           (85.2)\    (74.7)\    (13.7)\    (11.7)\    (18.0)\    (26.6)\    (4.7)\    (7.2)\
                                                                                           (n=27)     (n=27)     (n=27)     (n=27)     (n=27)     (n=27)     (n=27)    (n=27)

  Millar *et al* [@R30]      --                  --                       --               434.2\     387.5\     19.5\      8.0\       59.0\      49.2\      83.0\     86.9\
                                                                                           (91.7)\    (53.0)\    (22.1)\    (6.9)\     (26.0)\    (17.5)\    (9.2)\    (3.6)\
                                                                                           (n=19)     (n=19)     (n=19)     (n=19)     (n=19)     (n=19)     (n=19)    (n=19)

  Ritter *et al* [@R31]      --                  546\                     456\             --         --         11.12\     7.00\      87.00\     75.36\     81.85\    81.96\
                                                 (n=22)                   (n=28)                                 (n=22)     (n=28)     (n=22)     (n=28)     (n=22)    (n=28)

  Robillard *et al* [@R32]   30 s epoch          574.50\                  477.32\          491.69\    427.26\    --         --         82.80\     50.05\     85.55\    89.30\
                                                 (75.94)\                 (65.01)\         (69.68)\   (65.82)\                         (22.98)\   (14.94)\   (3.52)\   (3.84)\
                                                 (n=20)                   (n=29)           (n=20)     (n=29)                           (n=20)     (n=29)     (n=20)    (n=29)

  St-Amand *et al* [@R33]    30 s epoch          --                       --               416.84\    416.00\    14.60\     15.69\     53.73\     53.92\     85.40\    85.79\
                                                                                           (79.54)\   (31.37)\   (9.02)\    (9.22)\    (16.61)\   (20.79)\   (4.86)\   (4.14)\
                                                                                           (n=14)     (n=13)     (n=14)     (n=13)     (n=14)     (n=13)     (n=14)    (n=13)
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

BD, bipolar disorders; HC, Healthy control.

Retrospective studies of BD have consistently implicated hypersomnia, insomnia and early awakening as frequent symptoms, with rates of between 77% and 90% during depressive episodes.[@R36] Sleep-related problems were reported in 49 of 80 patients (61.3%) during their worst depressive episode. The sleep of individuals with BD was fragmented by REM disinhibition, reduced slow-wave sleep duration and impaired sleep continuity. REM disinhibition shortened the latency of REM sleep and prolonged REM duration. Impairments in the sleep continuity included extended sleep latency, early morning awakenings and an increased number of intermittent arousals.[@R37] In addition, REM latency seemed to increase among patients with persistent suicidal ideation. Elevated suicidal ideation among patients with BD has been associated with a longer duration of NREM stage 1 sleep.[@R38] Individuals with BD exhibited a greater degree of sleep disturbance at onset and throughout the course of their condition relative to individuals without BD.[@R39] Regardless of their current mood state, patients with BD experienced more interrupted sleep, longer sleep-onset latency and less stability in bedtimes and awakening times as compared with healthy controls. These outcomes were evident in both individuals with a current mood state of any polarity and euthymic individuals with BD. Moreover, Merikangas *et al* reported that higher sad mood level was associated with longer sleep duration in those with BD type I but with shorter sleep duration in controls, based on examination of directional associations.[@R40] The above findings suggested the importance of the management of sleep disturbance in patients with BD.[@R39]

### Eating patterns associated with BD {#s1-2-3}

The presence of comorbid eating disorders was common among individuals with BD. A study of the impact of BD on the severity of eating disorders identified binge eating disorders, bulimia nervosa and other eating disorders were not specified as variants of aberrant eating behaviour strongly associated with BD.[@R41] Another study found that 27% of patients with BD had a current DSM-V eating disorder, 12% had binge eating disorder, 15% had bulimia nervosa and 0.2% had anorexia nervosa.[@R42] Moreover, night eating syndrome was reportedly more frequent among patients with BD than healthy controls.[@R43] These conditions posed serious somatic problems related to being overweight or obese, such as diabetes or cardiovascular events.[@R43] Binge eating behaviours among patients with BD were associated with a pattern of increased emotional instability, impulsivity and reactivity.[@R44] In addition, a study of 175 patients found that obese patients with BD were more likely to have more severe and difficult-to-treat affective episodes as well as to experience the recurrence of BD with a predominance of depressive symptomology than were non-obese patients with BD.[@R45] Meal timing was an important part of the body's circadian 'clock'. Moreover, aliment restriction influenced the clock genes in the peripheral tissues (peripheral 'clock'), but not those in the central nervous system (central 'clock'); thus, it was a strong indicator of possible desynchronisation between the peripheral and central clocks. This observation suggested that meal timing in the peripheral tissues might directly impact the coordination of the circadian rhythms.[@R46]

Patients with BD reportedly had greater difficulty in eating a healthy diet than those without BD, and the consumption of tobacco, soft drinks or alcohol might be linked to the severity of BD.[@R47] Patients with BD I demonstrated less healthy eating habits than do those with BD II.[@R48] Hence, our review indicated that eating disorders were common among patients with BD, unhealthy eating patterns were associated with poor emotional regulation and that the relationship between BD and eating disorders was bidirectional. Further research, especially prospective studies of factors such as impulsive eating that reportedly worsen outcomes in patients with BD, was necessary to minimise the impact of eating disorders on the health of individuals with BD.

### Social rhythms in BD {#s1-2-4}

Ehlers *et al* have defined social rhythms as social and interpersonal relationships, tasks or demands that entrained biological rhythms.[@R49] Social rhythms affected the timing of biological clocks and thereby synchronised biological rhythms. A study involving healthy adults has shown that the regularity of daily life was associated with subjective sleep quality, but not with certain personality features such as neuroticism or extraversion.[@R50]

A 2014 study of more than 7000 German participants demonstrated that irregular social rhythms were significantly linked to greater anxiety, stress and depression.[@R51] In addition, the disturbance of social rhythms may be implicated in the aetiology of BD. Consistent with the social zeitgeber (external forces) theory, the irregularity of social rhythms exacerbated the vulnerability of at-risk adolescents to the onset of BD.[@R52] Similarly, another study demonstrated that the exposure to behavioural approach system (BAS) events predicted greater social rhythm disruption and higher levels of affective symptoms in individuals with high BAS sensitivity than those with moderate BAS sensitivity.[@R53]

As a study of mania has previously demonstrated, the affective phase was associated with more motor activity in novel situations.[@R54] Research has further suggested that more severe manic symptoms correlated with increased irregularity in the rhythms of locomotor activity and lower frequency of daily activity,[@R27] and that the disruptions in social rhythms were more frequent in patients undergoing a depressive phase relative to healthy individuals and those with euthymia. Bipolar depression has been associated with low activity levels, high variability of activity, retardation of circadian rhythms corresponding to both evening and morning activities and poor affective functioning.[@R14] Similar to manic symptoms, the severity of depressive symptoms in patients with BD correlated with increased irregularity in social rhythms.[@R56] Furthermore, increased social rhythm disruptions were significantly associated with an increased risk of the recurrence of BD.[@R57] Although patients with BD often required medication to function normally, a more careful lifestyle assessment with attention to social rhythms and timing of activities might be critical for mood stability.[@R58]

Biomarkers and BD {#s1-3}
-----------------

Biomarkers played a key role in the physiopathology of BD and major depressive disorder. Although two such biomarkers, melatonin and cortisol, have been considerably studied, and actual pharmacotherapeutics and psychotherapies targeting the normalisation of biomarkers have been developed over the past decades, the immunological role of such biomarkers in BD remained unclear.

### Melatonin {#s1-3-1}

It was hypothesised that abnormalities in circadian functioning and sleep were rooted in genetic factors that influenced the catecholamine loop circuit and caused affective disturbances.[@R59] Melatonin, a neurohormone primarily synthesised by the pineal gland during the dark phase (at night), was the most direct measure of the state of the circadian system.[@R59] Melatonin was synthesised by the conversion of serotonin to *N*-acetylserotonin by arylalkylamine *N*-acetyltransferase and was subsequently converted to melatonin by acetyl serotonin O-methyltransferase (ASMT), also known as hydroxyindole O-methyltransferase.[@R60] [Figure 2](#F2){ref-type="fig"} illustrates the in vivo metabolism of melatonin.

![The in vivo metabolism of melatonin.](gpsych-2019-100127f03){#F2}

Studies have shown that patients with BD exhibit diminished ASMT activity relative to healthy controls. Moreover, several deleterious ASMT mutations associated with low ASMT activity have been identified in patients with BD. Thus, ASMT could play a significant role in mediating vulnerability to BD, and aberrations in the expression of melatonin may increase an individual's susceptibility to BD.[@R60] However, this has not been investigated in humans. Melatonin contributed to the circadian clock by directly impacting the REM sleep atonia[@R61] and then modulating the sleep--wake cycle.[@R5] Its secretion was affected by dark environments; serum melatonin levels began to rise shortly after nightfall and peaked during the night (approximately between 02:00 and 04:00). Its secretion might decrease as a result of environmental light, disease, pineal calcification or age.[@R61] Many studies have found changes in serum melatonin concentration in individuals with BD; lower melatonin levels were significantly associated with all stages of BD, including euthymia.[@R62] A subsequent independent investigation reported that euthymic patients with BD had lower melatonin levels than did healthy controls when the study participants were awakened at 02:00 and required to sit in a cardiac chair from 02:00 to 04:00.[@R61] Moreover, individuals with BD exhibited a later peak time of melatonin secretion at night than did healthy controls.[@R62] The levels of melatonin at 15:00 and 19:00 hours in manic states were significantly higher than those in individuals with depression or controls, but were significantly lower at 07:00 hours.[@R63] Additionally, the dim light melatonin onset was regarded as the most accurate marker for assessing the circadian pacemaker as the correlation was found between the magnitude of phase advances of dim light melatonin onset after morning light and the improvement in depression rating by an earlier report.[@R64] Thus, we could conclude that melatonin was one of the biomarkers associated with BD and was a helpful tool to assess mood disorders.

Hence, our review found that certain differences were identified in the functional state of the melatonin system between patients with BD and healthy individuals, and these differences depended on whether the patient was undergoing a manic or depressive episode.

### Cortisol {#s1-3-2}

Cortisol was a glucocorticoid that acted on multiple organ systems to redirect energy resources to meet real or perceived threats.[@R65] The negative feedback effects of the hypothalamo-pituitary-adrenocortical (HPA) axis and metabolism of cortisol were described in [figure 3](#F3){ref-type="fig"}. The dysfunction of the HPA axis has been identified as a physiological factor in the pathogenesis of BD, including aberrations in the diurnal rhythm of cortisol and cortisol responses to stress or pharmacological manipulation. According to a biochemical study of the levels of urinary-free cortisol, cortisone and their metabolites, the enhanced clearance of cortisol was demonstrated to be a component of HPA axis hyperactivation as observed by increases in 5β-reductase, 11βHSD2 and 5α-reductase levels. Significant between-group differences were found for cortisol metabolite indices, and the increased activity of 5β-reductase and 11βHSD2 was noted, with a similar trend in the levels of 5α-reductase in patients with BD compared with healthy controls. This dysfunction within the HPA axis was speculated to be a pathophysiological feature of BD.[@R66] Several studies have assessed the peripheral levels of cortisol, such as those in the blood serum, plasma or saliva. For example, a meta-analysis of 19 studies found that patients with non-manic BD exhibited small increases in morning cortisol levels relative to those of healthy controls.[@R67] However, one study found no differences between the cortisol levels in the saliva or hair among patients with manic, depressive or euthymic BD,[@R68] indicating that variances in cortisol levels were independent of mood state.

![The negative feedback effects of the hypothalamo-pituitary-adrenocortical (HPA) axis and the metabolism of cortisol.](gpsych-2019-100127f04){#F3}

In cases of the recurrence of BD, abnormalities in cortisol levels persisted after symptomatic recovery. This may be related to the number of previous BD episodes, as those with a greater number of previous episodes had a higher mean level of cortisol, a blunted response to negative events and flatter cortisol diurnal slopes relative to patients with fewer episodes.[@R69] Cortisol secretion in patients with BD showed more daily variation than did healthy controls. However, both the daytime cortisol levels and reactivity to daily events were similar between the remitted patients with BD and healthy controls. These results provided additional evidence of subtle HPA axis dysregulation in patients with remitted BD, especially in those with many recurrent episodes.[@R69]

Cortisol awakening response (CAR), recognised as a reliable biological marker for examining the regulation of HPA axis feedback, was measured in individuals with BD after 45 min of waking.[@R70] Patients with BD experiencing depressive symptoms had distinctly low levels of blunt CAR and cortisol levels relative to healthy controls. By contrast, the CAR, waking cortisol levels and immediate post-CAR decline did not differ between patients with BD and healthy controls.

The above observations indicated links among cortisol secretion patterns and different variables of BD. These observations further provided evidence of HPA axis dysregulation in patients with acute BD and remittent patients with BD. However, many studies reported conflicting information. Hence, the mechanisms regulating the HPA axis warranted further research to identify possible targets for treating different stages of BD.

Overall, hormones are fundamental elements of the circadian system, and as abnormalities in hormonal profiles have been suggested to be characteristic of BD, balancing these hormones may be key to treating the disease.

Treatment of biological rhythm dysfunction {#s1-4}
------------------------------------------

Having a stable relationship between external (environmental variables capable of entraining circadian rhythms) and internal (activity and sleep patterns) factors is crucial to achieving a normal or euthymic mood state. Chronobiology researchers have highlighted the importance of timekeepers in maintaining this stability and have reported light and melatonin as the most significant contributors. Research on biological rhythms and sleep has led to the development of pharmacotherapies like agomelatine, and non-pharmacological therapies such as chronotherapy and interpersonal and social rhythm therapy (IPSRT), which can be used in everyday practice to treat affective disorders.[@R62]

### Chronotherapy {#s1-4-1}

Chronotherapy is based on controlled exposure to environmental stimuli that influences biological rhythms. This therapeutic method includes three basic techniques with proven efficacy, which are partial or total sleep deprivation (also referred to as wake therapy), sleep phase advance and light therapy.[@R71] Sleep deprivation therapy directly targets the sleep--wake rhythm and influences the function of the suprachiasmatic nuclei by modifying vigilance state transitions and sleep states. It is clinically synergistic with, and may even act through the same mechanism as, morning light therapy, which identifies light as the main environmental synchroniser that affects the internal clock. The acute response rates to this therapy are similar to those reported for drug treatments--that is, from 2/3 to 3/4 among BD patients in depressive episode.[@R71] However, unlike pharmacological treatments, which can take weeks to show efficacy, sleep deprivation therapy has a more rapid effect.[@R71] Sit *et al* [@R72] reported that the group treated with a bright white light experienced a significantly higher remission rate at 4-6 weeks than the placebo light group.[@R72] An investigation conducted over a 7-week period indicated the combined administration of sleep deprivation, bright light and sleep phase advanced therapies significantly attenuated depressive symptoms relative to a group that only received medication within 48 hours of sleep deprivation.[@R73]

According to the phase advance hypothesis of depression, a state of earlier and more synchronised rhythmic variables disturbs the usual circadian rhythm, which subsequently may be unable to entrain to the 24 hours' external day--night cycle. During an episode of affective disorder, there is an asynchrony of the remaining sleep--wake cycle in a normal or phase-delayed position, which tends to advance to the sleep phase.[@R73]

Clinical observations and research suggested that daily doses of light exposure could rapidly and profoundly alleviate mood disorders and sleep irregularities.[@R73] Clinicians recommended initiating treatment with 15 min of midday light to attenuate the severity of BD.[@R73] Contraindications for light therapy were rare, and its compatibility with medication and other psychiatric treatments suggested that it could be integrated into standard practice. One study has attested the curative effect of bright light therapy (BLT) and dim light therapy. According to the criteria for remission and a decrease in the scores of the Hamilton Depression Rating Scale and Montgomery-Asberg Depression Rating Scale, response rates were 81% and 19% while remission rates were 44% and 12.5%, respectively. The results indicated that BLT was a safe and effective adjunctive treatment for BD with a seasonal pattern.[@R74] Another study found that adolescents with BD with breakthrough depressive symptoms might benefit from light therapy when administered in conjunction with continued antidepressant treatment.[@R75] However, one study provided robust evidence that confirmed the efficacy of midday BLT in treating BD but demonstrated that women with BD were highly sensitive to morning BLT.[@R76]

### Interpersonal and social rhythm therapy {#s1-4-2}

A comprehensive understanding of rhythm disturbances consequent of BD may lead to the development of chronobiologically based interventions to treat this disorder.[@R77] As posited by the social zeitgeber model of BD, social rhythms entrained circadian rhythms, the stabilisation of which is thought to improve affective symptoms and episodes. This theory established the foundation of IPSRT, which was developed by Frank *et al* [@R78] to help patients with BD address interpersonal problems and regulate their social rhythms by restabilising daily routines and normalising the sleep--wake cycle.[@R78] This was a disorder-specific form of psychotherapy based on the instability model of BD. It addressed three mechanisms of relapse: disrupted social rhythms, non-adherence to the medication regime and interpersonal life events.

Although prior research suggested that this method might be particularly beneficial for adolescents at high risk for BD,[@R79] another study on the willingness of adolescents with a family history of BD reported that 67% of families declined therapy based on the adolescent's belief that he/she did not need therapy, indicating that IPSRT might not be an acceptable prophylactic option among adolescents.[@R80] However, the investigation did not obtain clear reasons for adolescents having declined. Some clinical trials aiming to estimate the efficacy of IPSRT as an adjunctive treatment found that it could ameliorate manic and depressive symptoms and improve social functioning in young adults and adolescents with BD and high rates of comorbidity.[@R81] Individuals who received IPSRT in the acute phase of treatment survived longer without a new episode of mood disorder. IPSRT might contribute favourably to the clinical management of BD, particularly with the prevention of recurrence. Reviewing the courses of patients' illnesses and interpersonal problems, Hoberg *et al* used the data to inform structured activity that could improve the patients' interpersonal relationships and stabilise their daily routines.[@R82] After a 12-week follow-up assessment, depressive symptoms and psychosocial functioning had improved considerably, and the participants reported high satisfaction with IPSRT. However, while mania or illness severity of BD showed a trend towards improvement from baseline to 12 weeks, only 16% of the sample met the criteria for the remission of symptoms of depression.[@R82] Another IPSRT study was conducted over a longer duration with 2-hour weekly sessions for 1 year; the researchers found that the participants who underwent the sessions experienced significant decreases in depressive symptoms and exhibited normalisation of social rhythms during the treatment duration.[@R82] However, no significant improvement in manic symptoms was observed. These three clinical studies suggested that IPSRT might be effective for the attenuation of depressive symptoms. Additional randomised controlled trials with a special control group, such as those who underwent other psychosocial interventions, were necessary to ascertain the efficacy of IPSRT.

IPSRT is recommended as a useful tool for stabilising episodic fluctuations and delaying the recurrence of affective symptoms in patients with BD. With its emphasis on increasing the regularity of social routines and thereby possibly enhancing circadian integrity, IPSRT provides a feasible approach to BD treatment by systematically enhancing the regularity of all the patient's daily routines.[@R83]

### Agomelatine {#s1-4-3}

First reported in 1992 among a series of synthetic naphthalene melatonin analogues, agomelatine (*N*-\[2-(7-methoxynaphth-1-yl) ethyl\] acetamide) acted as a potent agonist for melatonin (MT1 and MT2) and serotonin (5-hydroxytryptamine and 5-hydroxytryptamine2C) receptors.[@R84] Specifically, agomelatine mediated the chronobiological effect via melatonin receptors in the suprachiasmatic nucleus of the hypothalamus, known as the 'endogenous biological clock'.[@R84] Experiments demonstrate the drug's capacity to reset disorganised circadian rhythms in several behavioural animal models.[@R85] A previous study showed that 10 years after the initiation of melatonin treatment for chronic sleep-onset insomnia, approximately 75% of the patients gained normal sleep quality without medication.[@R86] Another study emphasised that the application of melatonin therapy to help treat shift employees who experienced difficulty in falling asleep could significantly improve sleep-onset latency and sleep efficiency.[@R87] These findings indicated that agomelatine might be used as an adjunctive treatment for BD and possibly prevent its recurrence when administered during remission phases, especially among those who valued self-management and independence. In addition, agomelatine might help prevent metabolic syndromes in patients treated with antipsychotics.[@R24] Only low doses of melatonin have been evaluated, and doses of 2--6 mg were generally necessary to yield a clinical effect. One study reported that a dose of 1--10 mg of melatonin could increase serum melatonin concentrations by 10--100 times within 1 hour of administration, and its concentrations sloped to baseline at roughly 4--8 hours after administration.[@R61] These findings suggested that the modulation of melatonin receptors might provide an effective, targeted method of treating BD. Some clinical studies have confirmed that agomelatine was effective for treating both BD I and BD II. Twenty-five milligrams/day of agomelatine was well tolerated when supplemented with valproic acid/lithium treatment to treat acute depression in patients with BD I or BD II.[@R89] Although agomelatine showed efficacy similar to that of classic antidepressants and an acceptable safety,[@R90] a subsequent induction of mania was reported in one case. Kennel *et al* [@R91] surmised that this was caused by the interaction between ethynyloestradiol, which was a component of the contraception used by this *quadragenarian patient*, and the cytochrome P450 1A2 substrate of agomelatine.[@R91] Other risks associated with agomelatine, such as headache, diarrhoea, insomnia, anxiety, hepatotoxicity and the need to monitor liver function during the administration period, should be noted.[@R92]

### Other pharmacotherapies {#s1-4-4}

Multiple effective pharmacotherapies exist for the treatment of BD. Mood stabilisers, including lithium, antiepileptics such as valproic acid, antipsychotics like quetiapine, hypnotics and anxiolytics, are often used depending on the symptoms of BD exhibited by the patient. Some mood stabilisers and antipsychotics affect several circadian or biological parameters, including peak activity time and robustness of circadian rhythms.

For example, lithium is still considered the most effective drug for managing both bipolar mania and depression. It has been recommended as a first-line treatment by the Canadian Network for Mood and Anxiety Treatments and the International Society for Bipolar Disorders, which has suggested that serum lithium levels should be maintained between 0.8 and 1.2 meq/L.[@R3] A genetic study further confirmed the relationship between lithium and circadian rhythms. The expression of *Per2*, *Cry1* and *Rev-erba*, which are constituents of the circadian clock, was influenced by lithium treatment.[@R93] A systematic review has shown that chronic lithium treatment might stabilise the rhythms of circadian activity by delaying circadian rhythms and reducing the peak body temperature, as well as reducing the amplitude and duration of activity rhythms.[@R94] Previously, with a proven level I evidence of its efficacy, quetiapine was recommended as the first-line treatment, and 2018 guidelines advised clinicians to consider a target dose of 300 mg/day when treating patients with BD.[@R3] Quetiapine addressed a broad spectrum of indications, including manic and acute psychosis. In clinical studies, quetiapine reportedly improved the quality of sleep. To verify its therapeutic action on circadian rhythmicity, 20 healthy volunteers received 150 mg of quetiapine extended release for seven nights. The actigraphy of the volunteers revealed that quetiapine increased sleep duration and efficiency, prolonged final wake time and reduced within-day emotional variability in these volunteers relative to 20 matched controls who received a placebo.[@R95]

However, despite the multiple approaches adopted to treat BD, addressing disruptions of biological rhythms in patients with BD remains a challenge. The controlled and integrated administration of stimuli that can directly influence the biological 'clock', such as light, melatonin, IPSRT and manipulations of the sleep--wake rhythm, has established high efficacy in the attenuation of mental episodes of both unipolar and bipolar disorders. This demonstrates that the relationship between the internal clock and mental episodes is of major relevance to the clinical treatment of BD and offers a new perspective on the management and treatment of the disorder in common clinical practice.

Future directions {#s2}
=================

Although extensive research has been conducted on biological rhythm disturbance associated with BD, multiple avenues of research remain to be explored. For example, the biological roots of circadian rhythm disruption remain controversial. Both exogenous (eg, environmental factors) and endogenous factors (eg, motor, energy, sleep) must be accounted for in order to explore the exact nature of this disturbance.

Moreover, some articles included in this review had certain limitations, such as small sample size, short observation periods, lack of all aspects of mood status and the absences of control groups. For example, few studies involved patients with a manic state. The paucity of evidence related to mania was possibly associated with the obvious clinical limitations of studying these patients. Most research on BD focuses on bipolar depression, which provides an overly narrow, biased foundation from which it is difficult to form an accurate theory of biological rhythm disturbance. In addition, lack of evaluation of the potential effects impacting the precise assessment of experimental variables in earlier studies may have contributed to the contradictory opinions in the literature. These studies did not adequately characterise BD or develop novel therapies for its treatment. In addition, many of these studies used discrepant methods and focused on different physiological and therapeutic parameters. These variances may further account for the difficulty in comparing their findings.

Theoretical approaches to the understanding of the biological rhythms also require further improvement. For instance, devising a concept of broader biological rhythms, inclusive of the 24 hours' circadian timeline and incorporating the ultradian (periods of \<24 hours) and infradian (periods \>24 hours) rhythms,[@R77] requires further research and complete characterisation of rhythm disruptions in BD. Studies should collect data more frequently and over longer durations to fully characterise the biological rhythm disturbances in BD. Because of the limitations of current studies that we screened, most of the present review focused on the 'circadian rhythm' and only a small part discussed the seasonal variations in BD. Certainly, the recurrent nature of bipolar cycles, sometimes on an annual basis, suggests that some alteration of biological rhythms may under another cyclicity.

Whereas some clinical and animal research pointed to a disturbance of biological timing system in BD, the truth that rhythm disturbance was not the only consequence existed. In fact, the biological rhythm system, especially the circadian timing system, was intertwined with both physiological system's in vivo and external environmental factors. Probably other physiological or environmental factors directly affected the destabilising biological rhythm, but not being the main disturbance in the biological timing system itself. This will be another challenge for future research in physiological domain that the association between other physiological processes and biological timing system should be noticed.

Although both preclinical and clinical studies have helped characterise the phenomenon of biological system dysfunction, as well as contribute to its resolution, the rate of recurrence of BD remained high. Hence, improving the lifetime cure rate must be prioritised in future studies.

Conclusions {#s3}
===========

Individuals with BD exhibit more biological rhythm disruptions at disease onset and across follow-up, relative to healthy controls. These disturbances were partly independent of BD subtype but were more evident in BD individuals with current affective disorder episodes. Biological and circadian disturbances are associated with psychosocial difficulties and can increase the risk of further affective episodes, thus warranting their early identification and management. Despite the availability of several pharmacotherapies and non-pharmacological treatments with demonstrable efficacy, novel and sound treatments are still required.
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